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Aging-Associated Sensory Neuropathy Alters
Pressure-Induced Vasodilation in Humans
Be´renge`re Fromy1,2,3, Dominique Sigaudo-Roussel1,2,3, Marie-Line Gaubert-Dahan1,2,3, Pascal Rousseau4,
Pierre Abraham4, Daniel Benzoni1,2,3, Gilles Berrut5 and Jean Louis Saumet1,2,3
Healthy skin is protected from pressure-induced ischemic damage because of the presence of pressure-
induced vasodilation (PIV). PIV relies on small sensory nerve fibers and endothelial function. Since aging alters
both nervous and vascular functions, we hypothesized that PIV is altered with aging. We compared PIV in non-
neuropathic and neuropathic older subjects (60–75 years) with that of young subjects (20–35 years). Laser
Doppler flowmetry was used to evaluate the cutaneous responses to local pressure application, acetylcholine,
and local heating. Quantitative sensory tests were used to evaluate sensory-nerve-fiber function. The non-
neuropathic older subjects had an impaired PIV (12±7% increase in blood flow with pressure) compared with
young subjects (62±4%, Po0.001). In the presence of peripheral neuropathy, the older subjects were totally
deprived of PIV, leading to early pressure-induced cutaneous ischemia (31±10%, Po0.001). This inability of
the skin to adapt to localized pressure in older subjects is related to the severity of the sensory-fiber
dysfunction rather than to endothelial dysfunction, which was comparable between the non-neuropathic
(141±19% increased blood flow with acetylcholine, Po0.05) and neuropathic older subjects (145±28% increase,
Po0.05) compared with young subjects (234±25% increase).
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INTRODUCTION
The elderly are particularly at risk of developing cutaneous
pressure ulcers (Allman, 1989), which represents a major
medical, social, and worldwide economical problem to the
health care system (Allman et al., 1999). Susceptibility to
pressure ulcers comes from a combination of external factors
(pressure, friction, shear force, and moisture) and internal
factors (fever, malnutrition, anaemia, neuropathy, and
endothelial dysfunction). However, the underlying mechan-
isms remain unclear. A better understanding of the changes
that occur with aging appears crucial to reduce the incidence
of pressure ulcers in elderly people, since the best treatment
is prevention. Besides age-related endothelial dysfunction
(Rossi et al., 2002; Brandes et al., 2005), aging markedly
influences several morphological and functional features of
the peripheral nervous system, increasing susceptibility to
peripheral neuropathy (Di Iorio et al., 2006). In cutaneous
microcirculation, some human thermoregulatory studies
report diminished local sensory axon reflex-mediated vaso-
dilation with aging (Minson et al., 2002).
Earlier, we reported a novel relationship between cuta-
neous mechanosensitivity and vasodilation, referred to as
pressure-induced vasodilation (PIV). In healthy conditions,
when a non-nociceptive external pressure is locally applied
to the skin, the cutaneous microvessels vasodilate, both in
humans (Fromy et al., 1998) and in rodents (Fromy et al.,
2000b; Sigaudo-Roussel et al., 2004). When PIV is present,
the skin is thereby protected from pressure-induced ischemic
damage by delaying the occurrence of tissue ischemia from
direct pressure application. In contrast, subjects deprived of
PIV, such as diabetic patients (Fromy et al., 2002; Koitka
et al., 2004), are exposed to severe cutaneous ischemia,
which could lead to pressure ulcer formation. We recently
demonstrated that PIV is altered in the skin of old mice
without neuropathy, which thus experienced severe
pressure-induced ischemia as compared with young adult
mice (Gaubert et al., 2007). Based on these observations,
we hypothesized that older humans would have reduced
PIV. Such an inability of the skin to resist pressure-induced
ischemia due to aging in humans could explain the
higher risk for developing pressure ulcers in older
subjects.
Pressure-induced vasodilation depends on activation by
pressure of sensory C-fibers, leading to release of neuro-
transmitters that act at the endothelial level to release
endothelial factors inducing smooth-muscle relaxation of
the cutaneous microvessels (Fromy et al., 1998, 2000b).
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Since intact neurovascular interaction is crucial for PIV
development, its assessment represents a good end-point
measurement to test the ability or inability of the cutaneous
circulation to adapt to locally applied pressure.
The aim of this study was to test the ability or inability of
the cutaneous circulation to adapt to locally applied pressure
by assessing PIV in both non-neuropathic and neuropathic
older subjects (60–75 years), clinically discriminated by
neuropathy symptom scores, as compared with young
subjects (20–35 years).
RESULTS
General characteristics
The general characteristics of all included participants are
presented in Table 1. There was no difference in weight,
height, body mass index, or mini-mental state (MMS) among
the groups. Framingham score increased with aging. Diasto-
lic arterial blood pressure and heart rate were not different
among groups. Although an expected small increase in
systolic arterial blood pressure in older adults compared with
young subjects was observed, all the values remained within
the normal ranges, showing no chronic arterial hypertension
in the included participants. None of these variables changed
over the experiment in any group.
Results from urinary and blood chemistry showed
no hyperlipidemia and excluded complications such as
coagulation or inflammatory disorders in the included
participants.
For each type of laser Doppler probe, basal cutaneous
vascular conductance (CVC) was not different between
groups. The difference in the index of CVC was due to
the use of two different kinds of laser Doppler probes (481-1
and 415). There was no difference in the basal skin
temperature.
PIV assessment
In young subjects, CVC increased progressively in response to
a locally applied pressure and reached maximal increase
from baseline at 4.2±0.3 kPa corresponding to a PIV of
62±4% (Figure 1).
At 4.2 kPa, CVC in older subjects without neuropathy
was not significantly different from basal CVC, representing
Table 1. Subjects’ characteristics
Young (n=12) Non-neuropathic older (n=12) Neuropathic older (n=10)
Age (years) 26±1 64±1*** 68±2***
Height (cm) 171±2 163±3 165±4
Weight (kg) 65±2 76±5 68±5
BMI (kg/m2) 22±1 26±1 25±1
MMS 30±0 30±0 29±1
Framingham score 0±0 19±3*** 15±2***
Systolic ABP (mmHg) 119±2 133±4** 130±4*
Diastolic ABP (mmHg) 72±2 77±3 74±2
Heart rate (b.p.m.) 70±3 67±2 70±3
Total cholesterol (mmol/l) 4.7±0.2 5.4±0.3 5.4±0.2
HDL cholesterol (mmol/l) 1.7±0.1 1.8±0.1 1.6±0.1
Triglycerides (mmol/l) 0.9±0.1 1.3±0.1 1.2±0.2
Glucose (mmol/l) 4.7±0.1 5.0±0.2 5.0±0.3
Fibrinogen (mmol/l) 3.0±0.2 3.9±0.2 3.7±0.3
CRP (nmol/l) 36.7±5.9 41.2±3.4 40.2±9.1
Proteins (g/l) 0.08±0.01 0.07±0.01 0.06±0.01
Basal cutaneous temperature (1C) 34.9±0.1 34.7±0.1 34.9±0.1
Basal CVC (probe 415) (a.u./mmHg) 0.75±0.05 0.58±0.04 0.60±0.08
Basal CVC (probe 481–1) (a.u./mmHg) 0.11±0.01 0.13±0.01 0.13±0.02
ABP, arterial blood pressure; BMI, body mass index; b.p.m., beats per minute; CRP, C-reactive protein; CVC, cutaneous vascular conductance; HDL, high-
density lipoprotein; MMS, mini-mental state.
*Po0.05, **Po0.01, and ***Po0.001 are significant changes relative to young subjects using one-way analysis of variance. Data are expressed as
means±SEM for continuous variables.
850 Journal of Investigative Dermatology (2010), Volume 130
B Fromy et al.
Aging Alters Pressure-Induced Vasodilation
an average change in CVC of 12±7% (Figure 1), which
was reduced compared with that in young subjects
(Po0.001).
In neuropathic older subjects, PIV was not observed.
Instead, CVC fell in response to local pressure application. At
4.2 kPa (corresponding to the applied pressure to obtain the
maximal PIV in young subjects), the decrease in CVC from
baseline was 31±10% (Figure 1), which was different
compared both with young subjects (Po0.001) and with
older subjects without neuropathy (Po0.001).
Assessment of the sensory function
Neuropathy Symptom Score (NSS) and Neuropathy Disability
Score (NDS) were increased in non-neuropathic older
subjects and further increased in neuropathic older subjects
compared with young subjects (Table 2). Compared
with young subjects, the relative warm detection threshold
was increased in non-neuropathic older subjects (Po0.05)
and further increased in neuropathic older subjects
(Po0.001; Table 2). In contrast, the tactile, vibratory, and
relative cool detection thresholds were only increased in
neuropathic older subjects compared as with young subjects
(Table 2).
ACh-mediated vasodilation assessment
The iontophoretic delivery of acetylcholine (ACh) increased
CVC in all the groups. However, corresponding endothelium-
dependent vasodilation was reduced in non-neuropathic
(141±19%, Po0.05) and neuropathic (145±28%,
Po0.05) older subjects as compared with that in young
subjects (234±25%; Figure 2).
Local heating-mediated vasodilation assessment
Local heating to 44 1C increased CVC in all the groups in two
phases. The first phase (peak) of the vasodilation in response
to local heating was reduced in older subjects without
neuropathy (282±28%, Po0.01) and in neuropathic older
subjects (283±14%, Po0.05) as compared with that in
young subjects (461±62%; Figure 3a). The second phase
(plateau) of the vasodilation in response to local heating was
also reduced in older subjects without neuropathy
(392±51%, Po0.01) and in neuropathic older subjects
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Figure 1. Percentage of vasodilation in response to local pressure
application (4.2 kPa) in young (n¼ 12), non-neuropathic older (n¼12),
and neuropathic older (n¼ 10) subjects. Statistically significant changes
relative to young subjects (***Po0.001) and non-neuropathic older
subjects (### Po0.001) are indicated using one-way analysis of variance.
CVC, cutaneous vascular conductance. The line drawn across the box
is the median. The lower and upper edges of the box are drawn at the
first and third quartiles, respectively. The whiskers represent the maximal
and minimal values.
Table 2. Results of sensory function assessment
Young (n=12) Non-neuropathic older (n=12) Neuropathic older (n=10)
NSS 0.5±0.3 2.5±0.6*** 6.8±1.0*,###
NDS 0.1±0.1 2.2±0.6*** 4.0±0.7**,##
Tactile threshold (g/mm2) 1.7±0.1 1.9±0.1 2.3±0.2*
Vibratory threshold (mm) 3.9±0.2 9.2±1.6 11.9±4.7*
Basal cutaneous temperature (1C) 31.5±0.4 31.1±0.3 31.5±0.2
Warm detection threshold (1C) 2.0±0.2 5.7±1.2* 10.2±2.0***,#
Cool detection threshold (1C) 0.5±0.1 1.0±0.2 2.3±1.0*
NSS, Neuropathy Symptom Score; NDS, Neuropathy Disability Score.
*Po0.05, **Po0.01, and ***Po0.001 are significant changes ralative to young subjects using one-way analysis of variance.
#Po0.05, ##Po0.01, and ###Po0.001 are significant changes ralative to non-neuropathic older subjects using one-way analysis of variance. Data are
expressed as means±SEM for all variables.
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Figure 2. Percentage of vasodilation in response to iontophoretic delivery
of ACh in young (n¼ 12), non-neuropathic older (n¼ 12), and neuropathic
older (n¼ 10) subjects. Statistically significant changes relative to young
subjects (*Po0.05) are indicated using one-way analysis of variance.
CVC, cutaneous vascular conductance. The line drawn across the box
is the median. The lower and upper edges of the box are drawn at the
first and third quartiles, respectively. The whiskers represent the maximal
and minimal values.
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(377±41%, Po0.01) as compared with that in young
subjects (736±70%; Figure 3b).
SNP-mediated vasodilation assessment
Iontophoretic delivery of sodium nitroprusside (SNP), an
exogenous NO donor, increased CVC in young subjects
(345±55%), non-neuropathic (305±38%), and in neuro-
pathic (308±83%) older subjects, showing no difference in
endothelium-independent vasodilation among the groups.
DISCUSSION
Our findings demonstrated that older subjects clinically
diagnosed as non-neuropathic had impaired PIV (12±7%)
compared with young subjects (62±4%), showing, therefore,
reduced ability of the skin to adapt to local pressure with
aging. In the presence of peripheral neuropathy, the older
subjects totally lacked PIV response, leading to early
pressure-induced cutaneous ischemia (31±10%). The
non-neuropathic older subjects had a functional abnormality
of small sensory fibers, and the neuropathic older subjects
had much more severe sensory deficit, affecting the function
of both small and large sensory fibers.
The neuropathy scores and routine clinical tests that are
advocated to define neuropathic state focus on the function
of large myelinated fibers and do not reflect small-fiber
function well. Therefore, in the presence of small-sensory-
fiber dysfunction, the NSS and NDS scores may be normal
unless larger fibers are also altered. It is generally agreed that
sensitivities to vibration and tactile stimulation assess the
function of large myelinated fibers, whereas the cool and
warm detection thresholds assess the function of small
myelinated Ad fibers and unmyelinated C fibers, respectively
(Verdugo and Ochoa 1992; Campero et al., 1996). The initial
phase of the local heating-mediated vasodilation is mediated
by axon reflexes, which depend on anti-dromic release of
neurotransmitter from afferent sensory nerves (Minson et al.,
2001). In non-neuropathic older subjects (NNS and
NDS o5), we showed that, in contrast to cool, tactile, and
vibratory thresholds, the relative warm detection thresholds
were significantly increased, confirming age-related thermal
hypoalgesia (Rolke et al., 2006). Accordingly, the initial
phase of the response to local heating of the skin in older
subjects was altered, strengthening the conclusion of
dysfunction of unmyelinated C fibers. Aging induces fiber
density reductions among all types of innervations, with
epidermal C-fiber endings being preferentially diminishing in
number earlier than presumptive Ad-fiber endings (Pare et al.,
2007). The dysfunction of unmyelinated C fibers in the non-
neuropathic older subjects could be associated with this loss
of epidermal C-fiber terminals, as reported in diabetic
patients (Levy et al., 1989). Since PIV involves capsaicin-
sensitive sensory fibers (mainly C fibers) (Fromy et al., 1998,
2000b), the age-related impairment of these C fibers likely
participated in the reduction of PIV (12%) in the non-
neuropathic older subjects.
In the neuropathic older subjects (NNS and/or NDS45),
the cool, tactile, and vibratory thresholds were all degraded
as expected, showing functional abnormalities of large and
small myelinated fibers. Also, relative warm detection
threshold was further increased beyond that of the neuro-
pathy-free group, showing aggravation in the dysfunction of
unmyelinated C fibers that could explain the more dramatic
loss of the PIV response (31%) in the neuropathic older
subjects as compared with the non-neuropathic older
subjects. Similarly, PIV impairment was much more dramatic
in diabetic mice with severe neuropathy (33%) than in
those without neuropathy (8%) (Demiot et al., 2006). In
young healthy subjects, either local anesthesia or specific
blockade of capsaicin-sensitive C-fiber activity totally abol-
ished PIV (45%) (Fromy et al., 1998). Since alteration of
large-nerve-fiber function did not modify PIV development
(Demiot et al., 2006), it suggests that aggravation of C-fiber
dysfunction was mainly responsible for aggravation of PIV
rather than the associated myelinated-fiber dysfunction. The
initial rise of CVC in the local heating response was equally
reduced in both groups of older subjects, suggesting that
alteration of the axon reflex-mediated mechanisms triggered
by local heating cannot explain the complete loss of the
ability of the skin to adapt to pressure in the aging process in
the presence of peripheral neuropathy.
A potential limitation of the study is the possible
involvement of thinning of the skin due to aging (Waller
and Maibach, 2005) in the PIV reduction observed in older
subjects as compared with young subjects. However, such a
change cannot explain the dramatic PIV alteration in the
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Figure 3. Percentage of vasodilation in response to local heating to
441C in young (n¼ 12), non-neuropathic older (n¼ 12), and neuropathic
older (n¼ 10) subjects. (a) Percentage of the initial vasodilation (peak) and
(b) percentage of the prolonged vasodilation (plateau). Statistically significant
changes relative to young subjects (*Po0.05 and **Po0.01) are indicated
using one-way analysis of variance. CVC, cutaneous vascular conductance.
The line drawn across the box is the median. The lower and upper edges of
the box are drawn at the first and third quartiles, respectively. The whiskers
represent the maximal and minimal values.
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neuropathic older subjects as compared with the non-
neuropathic ones, since the groups were age-matched and
we assume that epidermal thickness was the same between
the two older groups. The sensory neuropathy reported in this
study was not as severe as that induced by total denervation,
which reduced the thickness of the epidermis (Huang et al.,
1999). Therefore, we assumed that the possible thinning of
the skin due to the sensory deficit is unlikely to be involved in
the difference in PIV dysfunction between neuropathic and
non-neuropathic older subjects. Another limitation is that the
changes in skin blood flow are not expressed as a percentage
from the maximal value, since responses to local heating
were not performed to obtain the maximal skin blood flow
values in this study.
Regarding cutaneous microcirculation, we showed that the
SNP-mediated vasodilation was unchanged in older subjects,
demonstrating that the relaxing capacity of the vascular
smooth muscle to an exogeneous NO donor was preserved,
as reported by many research groups (Taddei et al., 1995;
Rossi et al., 2002; Gaubert et al., 2007). The preservation of
the SNP-mediated vasodilator response indicated that at this
stage of aging the altered vasodilator responses do not reflect
a non-specific reduction in vessel dilatory responsiveness,
removing a possible disturbance in guanylate cyclase activity
as explanatory for our observations.
We observed that the cutaneous ACh-mediated vasodila-
tion was equally impaired in both groups of older subjects,
indicating comparable reductions (about 40%) in endothelial
function. Similarly, we reported a reduction of 46% of the
ACh-mediated vasodilation in old mice without peripheral
neuropathy (Gaubert et al., 2007). This age-related endothe-
lial dysfunction was also reported by others (Taddei et al.,
1995; DeSouza et al., 2000; Rossi et al., 2002). The increased
Framingham score (Table 1) also demonstrated a comparable
age-related increased incidence of the risk of cardiovascular
diseases, regardless of the state of the nervous function
(DeSouza et al., 2000; Taddei et al., 2001). In addition, we
showed that the prolonged plateau phase of the vasodilation
in response to local heating of the skin was also equally
decreased in the two groups of older subjects as compared
with young adults, as reported earlier from other laboratories
(Black et al., 2008). This plateau appears to be mediated by
NO generation (Minson et al., 2001), attributed to either
endothelial NOS (Kellogg et al., 2008) or neuronal NOS
(Stewart et al., 2007) that could reflect either endothelial
dysfunction or a potential mechanism in relation to neuro-
pathy as reported in postural tachycardia syndrome patients,
respectively. In this study, although we cannot exclude an
effect of neuropathy on the plateau phase, the equal decrease
of this plateau between non-neuropathic and neuropathic
older subjects suggests that the altered plateau could be
attributed to the age-related endothelial dysfunction. Alto-
gether, these results showed that age-related endothelial
dysfunction is likely based on an alteration of the NO
pathway. Since NO is involved in PIV (Fromy et al., 2000b),
endothelial dysfunction could partially explain the reduction
of PIV observed in older subjects, as it does in short-term
diabetic mice (Sigaudo-Roussel et al., 2004) and in old mice
without neuropathy (Gaubert et al., 2007). However, our
observation of comparable endothelial dysfunction cannot
explain the dramatic PIV loss in the neuropathic older
subjects as compared with the non-neuropathic subjects. This
strengthens the conclusion of a critical role for the severity in
sensory deficit in the loss of the ability of the skin to adapt to
localized pressure in the aging process.
In conclusion, the physiological ability to protect the skin
against localized pressures is altered in 60- to 75-year-old
subjects leading to early ischemia. Our results showed that for
comparable endothelial dysfunction, the greater the functional
abnormality of the small sensory fibers in older subjects, the
greater the danger to the skin from localized pressure applica-
tion. Older subjects who present a severe sensory deficit are
particularly at risk for pressure ulcer occurrence because of
a loss of local PIV combined with the lack of a ‘‘warning’’
system, which would normally occur with prolonged local
pressure application. Thus, these individuals are at the greatest
risk for pressure-induced cutaneous lesions because of com-
bined dysfunction in many of the cutaneous physiological
mechanisms that normally protect healthy skin from pressure-
induced ischemic damage.
MATERIALS AND METHODS
Participants
A prospective study was conducted with 34 subjects who were
grouped according to their age and presence of peripheral
neuropathy. Presence of peripheral neuropathy was clinically
diagnosed using the NSS and the NDS (1988). Three groups of
subjects were then studied: (1) young subjects (20–35 years) without
peripheral neuropathy (NSS and NDS less than 5) (eight men, four
women); (2) older subjects (60–75 years) without peripheral
neuropathy (NSS and NDS less than 5) (six men, six women); and
(3) older subjects (60–75 years) with peripheral neuropathy (NSS
and/or NDS of 5 or more) (four men, six women). All healthy young
and some older volunteers were recruited by press advertising. Some
older subjects were also recruited from the Department of Geriatrics
of the University Hospital of Angers, France. The participants had
not taken any non-steroidal anti-inflammatory drugs for the week
before the beginning of the study to avoid those pharmacological
effects on PIV (Fromy et al., 2000b). Subjects taking psychoactive
drugs, which impair attention and could particularly influence
measurements of sensory function, were not included.
The investigation conformed to the principles outlined in the
Declaration of Helsinki Principles. The study was approved by the
local scientific and ethics committees (no. 2005/18 CPP) and
registered with the American National Institutes of Health database
under reference no. NCT00266071. All participants gave written,
informed consent.
Medical visit
One day before inclusion, all participants underwent complete
medical screening, including urinary and blood chemistry, in order
to exclude any history or clinical sign of respiratory or cardiac
failure, inflammatory disorders, peripheral macrovascular disease,
vascular claudication, psychological disorder, or tremor. In addition,
other exclusion criteria were diabetes, chronic arterial hypertension,
and smoking.
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To evaluate cardiovascular risk, the Framingham score was
calculated for all participants using baseline cardiac risk factors,
including age, sex, smoking status and history, total and high-density
lipoprotein cholesterol, diabetes history, and blood pressure.
Cognitive function was evaluated by the mini-mental state (MMS)
examination for all the subjects. Subjects with severe (MMSo17) or
mild cognitive impairment (18pMMSp23) were not included in
this study.
Assessment of the cutaneous microcirculation
The experiments were performed with cutaneous temperature range
between 34 and 35 1C. To assess cutaneous microcirculation, the
laser Doppler signals were digitized with a 200-Hz sampling
frequency using a computerized acquisition system (Biopac, Santa
Barbara, CA). The skin temperature was continuously recorded close
to the cutaneous blood flow measurement site (forearm). Systolic
and diastolic arterial blood pressure, as well as heart rate, were
monitored non-invasively on one finger of the left hand (opposite to
the one used for the cutaneous blood flow measurements) every
10minutes during the protocol. Data collection started with a
1-minute baseline period before the onset of increasing pressure,
local heating to 44 1C, or iontophoretic delivery of ACh or SNP, and
was continued for 30minutes. At the same time that the PIV
assessment was performed on the dorsal aspect of the right second or
third finger, cutaneous blood flow responses to ACh, local heating,
and SNP were recorded at three different sites on the volar aspect of
the right forearm using laser Doppler probes (481-1; Perimed,
Stockholm, Sweden) placed 3 cm from each other.
PIV assessment
Cutaneous blood flow was continuously recorded in response to
local pressure application (rate of pressure increase, 11.1 Pa/second)
in all groups. Local pressure was applied on the skin using a laser
Doppler probe (415; Perimed) that was attached to an apparatus
described in detail previously (Fromy et al., 2000a).
ACh-dependent vasodilation assessment
Cutaneous blood flow was measured in response to anodal
iontophoretic delivery (100mA; 20 seconds) of ACh (2%; Sigma,
Saint Quentin Fallavier, France) in all groups.
Local heating-dependent vasodilation assessment
Cutaneous blood flow was measured in response to local heating to
44 1C (Peritemp PF4005; Perimed) in all groups (Saumet et al., 1998).
Endothelium-independent vasodilation assessment
Cutaneous blood flow was measured in response to cathodal
iontophoretic delivery (100mA; 20 seconds) of SNP (1%, nitriate;
SERB, Paris, France) in all groups.
Assessment of sensory function
Quantitative sensory testing, including vibratory, warm, and cool
detection thresholds, was assessed on the right upper extremities of
all participants using the Computer-Assisted Sensory Examination
system IV (CASE IV system; Medical Electronics Co., Stillwater MN)
with a cutaneous temperature ranging between 31 and 32 1C. The
design, components, and software of CASE IV have been described
previously (Dyck et al., 1993). To evaluate the vibration perception
threshold, the mean of the three lowest voltages at which the patient
could perceive the vibration stimulus on the distal part of the cubitus
bone was recorded. The warm detection threshold was tested and
the mean of the three lowest temperature perceived by the subjects
of the dorsum of the hand was recorded. The relative warm detection
threshold, which was obtained by subtracting the basal cutaneous
temperature, was used for analysis. The same procedures were
followed to evaluate the relative cool detection threshold.
In addition, cutaneous tactile perception threshold using Sem-
mes–Weinstein monofilaments was evaluated (three different tests)
on the dorsum of the right hand. The most sensitive of the three tests
was considered for analysis.
Data analysis
The laser Doppler signals expressed in arbitrary units (a.u.) were
averaged every 30 seconds to reduce variability due to instantaneous
vasomotion. The ratio of cutaneous blood flow and arterial blood
pressure was then expressed as CVC. Baseline data were calculated
as the average over the 1-minute baseline period. All vasodilatory
responses to local pressure application, ACh, local heating, and SNP
were reported as the maximal percent increase in CVC from the
baseline. In the absence of a significant increase in CVC in response
to local pressure application, the percent change in CVC from the
baseline was calculated at the locally applied pressure correspond-
ing to the maximal amplitude of PIV in young adults and was
expressed as a negative percentage in the case of a decrease in CVC
from the baseline induced by the locally applied pressure.
Results in the text are presented as means±SEM. They were first
subjected to Bartlett’s test for homogeneity of variances. To test for
significant differences among groups, we performed one-way
analysis of variance with Newman–Keuls multiple-comparison test.
Student’s paired t-test was used to evaluate the significance of
changes within a group. Differences were considered significant
when Po0.05. The data are presented as a box-and-whiskers plot in
the figures.
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